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This document describes the PCR (Polymerase Chain Reaction) test used in the NPS Lake Powell Water
Laboratory for the Quagga mussel DNA findings of 10 Aug and 04 Oct 2012.

The NPS PCR test involves crushing all the planktonic (free-floating) organisms in a sample, and
extracting their DNA. After the DNA is extracted, a genetic primer set (Ram et al. 2011 quagga primer
set*) is used to make many copies of specific DNA sequences, if they are present. With many copies,
we can detect the DNA and know its length. When the length matches mussel DNA, the DNA is sent to
Arizona State University, where the actual sequence of DNA nucleotides is read. This sequence is then
analyzed by NPS scientists using an on-line DNA library. The sequence is statistically measured for its
match to known sequences in the library to confirm if the DNA is from mussels. Details of this process
as it was applied to the plankton samples of 10 Aug and 04 Oct follow.

The Lake Powel Water Laboratory is certified through the Utah Department of Health for detection of
E. coli bacteria for public health beach monitoring. All laboratory procedures, including those in the
Molecular Laboratory, are developed to meet the standards set by the National Environmental
Laboratory Accreditation Council (NELAC). These standards are adopted by many states as
requirements of quality assurance and quality control in certified laboratories. Specific certification for
mussel DNA detection is not available from any source; however, demonstrations of capability and
proficiency tests are accomplished with partner laboratories when possible. Formal Standard
Operating Procedures are developed for all aspects of DNA processing (see the Wahweap Molecular
Laboratory Standard Operating Procedure Index at the end of this document).

*Primer details

Species specificity Primer name Primer sequence Product size
Zebra mussel - Dreissena polymorpha ZQ16S147F AAGACGAGAAGACCCTATCGAA 236 bp
716S383R AAACTACTGCGCCAAGGAAG 236 bp
Quagga mussel - Dreissena bugensis QCOI151F GATAGGTGGATTTGGAAACTGG 417 bp
QCOI568R ACGATCAGTTAAGAGCATTGTTAAG 417 bp
Ram, J. L., A. S. Karim, P. Acharya, P. Jagtap, S. Purohit, and D. R. Kashian. 2011. Reproduction and genetic detection of veligers
in changing Dreissena populations in the Great Lakes. Ecosphere 2(1):art3. doi:10.1890/ES10-00118.1
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Details of the PCR
PCR of the samples from 10 Aug and 04 Oct produced DNA that matched the expected length of Quagga mussel DNA from the
primer set. The sequence of DNA nucleotides was a strong match for Quagga mussels. This section provides details and results of

the test, as well as the results of associated quality controls.

From Laboratory Study Notes:

PCR and Electrophoresis Review: 10AUG12 APM1B and 040CT12 GCD3B samples were submitted for sequencing to Arizona
State University. PCR reactions were #881 and 1021 (the two PCR runs for DNA template 10AUG12 APM1B-F4. PCR reaction
#1370 was for DNA template 040CT12 GCD3B-F1.

All samples had amplicons ~400bp long and were sequenced with the Ram et al. 2011 Quagga primer set.

e  Plankton tow 10AUG12 APM1B
o DNA was extracted; the sample was split into 4 tubes for extraction.
=  There is no evidence of cross-contamination for this plankton tow or any other plankton tows extracted on this day.
e All other plankton tows extracted on in this batch have been run through PCR 2x; none had any amplification.
e Two extraction negatives were also made; both have been run through PCR and showed no amplification.
o PCR’s were run.
=  APM1B-F4 amplified in both PCR runs.
=  The other 3 DNA template aliquots from this plankton tow (F1-F3) showed no amplification in either PCR run.
=  There is no evidence of cross-contamination in the PCR runs; no other plankton samples or PCR negatives in these PCR
runs showed amplification.
e  Plankton tow 040CT12 GCD3B
o DNA was extracted. The sample was split into 3 tubes for extraction.
=  There is no evidence of cross-contamination for this plankton tow or any other plankton tows extracted on this day.
e All other plankton tows extracted in batch have been run through PCR 1x; none had any amplification.
e Two extraction negatives were made; both have been run through PCR and showed no amplification.
o APCRwasrun.
=  GCD3B-F1 amplified; the other 2 DNA template aliquots from this plankton tow (F2-F3) showed no amplification
=  There is no evidence of cross-contamination in the PCR run; no other plankton samples or PCR negatives showed
amplification.
PCR product was purified.
Samples were sent to UAGC sequencing facility (for 10AUG12 APM1B-F4 and 040CT12 GCD3B-F1).

Low-volume (LVL) sequencing was used both times.

Sequencing results:

10AUG12 APM1B-F4:

The two PCR reactions were sequenced with forward and reverse quagga primers, yielding 4 sequences. All sequence data
matched quagga DNA.

040CT12 GCD3B-F1:

The one PCR reaction was sequenced with forward and reverse quagga primers, yielding 2 sequences. Both sequences matched
quagga DNA.

Interpretation: The 10AUG12 APM1B and 040CT12 GCD3B plankton tows appear to have collected quagga mussel tissue based
on the sequence data. No veligers have been found with microscopy in any APM plankton tows, including the 10AUG12 APM1A
replicate tow. One quagga veliger was found with microscopy in the 040CT12 GCD3A replicate plankton tow.
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Sequence Match Explanation

Screen captures to explain the analysis of DNA sequence data of October 4 are presented below. 040CT12 GCD3B-F1
sequence data was input to BLAST (Basic Local Alignment Search Tool - blast.ncbi.nlm.nih.gov/). The screen capture
images have been annotated to help explain the results by Sasha Rohde, who oversees the Molecular Laboratory.
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Query ID [cl|29701 Database Name nr
Description 55_1370_QR_639622.ab1 Description All GEnBank+EMBL+DDBI+PDE sequences (but no EST, 5TS,
Molecule type nucleic acid G55,environmental samples or phase 0, 1 or 2 HTGS sequences)
Query Length 376 u . . Program BLASTN 2.2.27+ & Citation
“Query Length” = # nucleotides submitted
Other reports: B Search Summary [Taxonomy reports] [Distance tree of results] 2 The submitted sequence matched 89
(©Graphic Summary records in the NCBI database
Distribution of 89 Blast Hits on the Guety Sequence &
|Muuse-wertu show defline and scores, click to show alignments The alignment score tells hOW gOOd
Color key for alignment scores Z the match is between the
4060
QUEW* Submitted sequence and a given
1 70 140 210 280 350 .
NCBI sequence. Red is best, black
is worst.
4 | LI_‘
Waiting for http://blast.nehinlm.nih.gow/Blast.cgi?CMD = Get SATEW_RESILTS=FromRes&RID=A0H40FWIKI14&1NIG_OBI_NAME=2_Searc €D Internet | Protectsd Mode: Off fa v | ®10% -

TP—————

The thick red line at the top that has a numbered scale represents the sequence I've submitted — it’s called the Query by
the BLAST program. The thinner lines below represent the 89 NCBI sequences that match my submitted sequence;
they’re called the Subjects.

Some of the NCBI sequences align with all 376 nucleotides | submitted, and so those thin lines extend across the entire
length of the Query. Some NCBI sequences only align with part of the 376 nucleotides | submitted, and those thin lines
only extend across part of the screen. The best matches are going to be thin red lines that extend across the entire

Query.
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(=) Descriptions
Legend for links to other resources M Unigens @ ceo [ cene B structure [ Map “iewer Bd pubChem BinAssay
Sequences producing significant alignments:
Accession Description s%e ﬁ nﬂﬁ}e A @ i';%"‘t Links
107719431 Dreissena rostriformis bugensis isolate DbBalatonl cytochrome oxidas £47 847 99% oo 98%
107719441 Dreissena rostriformis bugensis isolate DbBalaton2 cytaochrome oxida: £47 847 99% oo 95%
EU484436.1 Dreissena bugensis voucher DU39.1 cytochrome © oxidase subunit 1) 647 847 99% oo 5%
EF080861.1 Dreissena rostriformis bugensis isolate 5174 cytochrome © oxidase su £47 847 99% oo 9%
EF0&0862.1 Dreissena rostriformis bugensis isolate 5178 cytochrome © oxidase su 647 847 99% oo 5%
DoE40132.1  Dreissena bugensis cytochrome oxidase subunit 1 (CQI) gene, partial 647 847 99% oo 5%
AFS10504.1 Dreissena bugensis cytochrome © oxidase subunit I (COI) gene, parti 647 847 99% oo 5%
AF495877.1 Dreissena bugensis cytochrome oxidase subunit 1 qene, partial cds; t 647 847 99% oo 5%
AFO96765.1 Dreissena bugensis cytochrome © oxidase subunit I (COIY gene, mito 647 847 99% oo 5%
U47651.1 Dreissena bugensis cytochrome o axidase subunit I (COIY gene, mito £47 847 99% oo 9%
DoE40133.1  Dreissena rostriformis cytochrome oxidase subunit I {COIY gene, part 541 841 99% oo 7%
AFS10507.1 Dreissena rostriformis type 3 cytochrome c oxidase subunit I (COI) g 541 841 99% oo 7%
AFS10505.1 Dreissena rostriformis type 1 cytochrome c oxidase subunit I (COI) g 541 841 99% oo 7%
AF479637.1 Dreissena bugensis cytochrome oxidase subunit 1 qene, partial cds; t 641 841 99% oo 7%
1Q435816.1 Dreissena rostriformis bugensis cytochrome oxidase subunit T (COT) 636 636 99% 4e-179 7%
AFS10506.1 Dreissena rostriformis type 2 cytochrome © oxidase subunit I (COI g B3 636 99% 4e-179 97%
L47650.1 Dreissena bugensis var. profunda cytochrome c oxidase subunit 1 (Co 636 636 99% 4e-179 97%
DOQE40105.1  Dreissena caputlacus haplotype SD7 cwtochrome oxidase subunit T (0 455 455 99% le-124 89%
D0s40103.1  Dreissena caputlacus haplotype SDS cytochrome oridase subunit T ( 455 455 99% le-124 89%
DOQE40102.1  Dreissena caputlacus haplotype SD4 cwtochrome oxidase subunit T (0 455 455 99% le-124 89%
DQ840104.1  Dreissena caputlacus haplotype SD6 cytochrome oxidase subunit T (6 443 449 99% 68-123 88%
008401011 Dreissena caputlacus haplotype SD3 cytochrome oridase subunit T (¢ 449 449 99% 68-123 88%
DoE40100.1 Dreissena caputlacus haplotype SD2 cytochrome oxidase subunit 1 (6 449 443 9% 6e-123 88%
DoE40093.1 Dreissena caputlacus haplotype SD1 cytochrome oxidase subunit 1 (6 449 443 9% 6e-123 88%
D0a40106.1  Dreissena caputlacus haplotype SDB cytochrome oridase subunit T (¢ 444 444 99% 3e-121 88%
EU604534.1 Dreissena bugensis isolate RMMH 109518 cytochrome oxidase subunit 374 374 53% 3e-100 100%
EUB51840.1 Dreissena bugensis voucher RMNH: 106720 cytochrome oxidase subur 370 370 53% 4e-99 100%
DOa401530.1  Dreissena polymorpha anatolica haplotype I cytochrome oxidase subn 355 355 99% 1e-94 B4% JL[
4 »
Done €D Internet | Protected Mode: OFF fa v | H100% -

Below the Graphic Summary are the Descriptions of each match; it tells what NCBI sequences matched my submission
(the Query) and how good the match was. The best matches are at the top of this section. | record relevant data from
this section after each BLAST.

The Accession is a unique identifier NCBI gives to every sequence submitted to their database. The Description
describes the NCBI sequence; it includes the species and gene names, if known.

The Query coverage tells how much of the Query aligned with the NCBI sequence. The Max Ident(ity) tells how many of
the submitted nucleotides exactly matched the NCBI sequence’s nucleotides. The Max Score is calculated based on the
number of nucleotides that were identical matches, the number that did not match, and the number of times a gap had
to be made in the sequence to maintain the alignment; the Max Score is the alignment score shown in the Graphic
Summary. The E value represents the probability of getting a match with xx max score in a database the size of the one
searched by chance.

A good match will have high Max score, Query coverage, and Max ldentity values. It will have a low E value.
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Select All

Get selected sequences Distance tree of results

).! JQ771945.1 Dreissena rostriformis bugensis isolate DhBalatonl cytochrome

oxidase subunit I gene, partial cds; mitochondriasl
Length=537

Score 647 bits {350,
Identities = 369/378 (98%],

Strand=Plus/Hinus

Expect = 0.0
= Gaps = 6/378

(23]

Query 2 TTGCT-AAATT-RAAG-RAACTTGTARCACCAATAGRAGTACAAARC AALGGCACCCGAT 56
Shact 450 TRAETAMMATTARAAGARAATTETAMAEEARTAMAGTA KR MM AAMGGEACEESE 351
Query 59 ALRRCTGGATGACACCCGCCCACGATANNTTTCCTCATGTTCTATARAAATTAATAGALG 118
sogor 490 AbAAE-CRIGALALENL Gl E Hhra PRE TGS o7
Query 119 CTATAATAGAAGAAGCTCCACCGATATGAAGAGATAMAATTAGAARATCTATGGCTGGCC 178
shact 379 CERPRAERGALMAGETLEALEEATIMR AL T AT L AT TSRS, 52
Query 179 CTGAATGCCCCATAATCCTGGATAACGGTGGATATAATGTTCAACCCCCACCAAATCCGC 238
Shoct 315 CREARRECLEEAEMATEEIGUATA AT GEAT AT MIE TR AR EEE b AR TG 254
Query 239 CCTCACTAAACGCCGAACAGAATAATAAGGCTATAGAGATAGGTAGAACCCAAAATCTTA 298
Shacr 353 COMERETRAACCLEGAREAGHATAATAGSET AT AAGATA AL AL MR LA TE L 194
Query 299 CATTATTTAAACGAGGGAAACCTATATCAGGAAGACTTAGTATTATCGGGACCAACCAGT 358
Shact 189 CAPRFETAALOMGHOLLALEEATIMA SRS bt AEGY 12
Query 359 TTCCAAATCCACCTATCA 376

Shict 139 THORRMTEEMMLRATEL 11e

s[Jak| 70771944.1| Dreissena rostriformis bugensis isclate DhBalaton? cytochrome
oxidase subunit I gene, partial cds; mitochondrial

| J0771945.1] Dreissena rostriformis bugensis isolate DhBalatond cytochrome
oxidase subunit I gene, partial cds: mitochondrial

o | J0771946. 1 Dreissena rostriformis bugensis isolate DbBalatond cytochrome
oxidase subunit I gene, partial cds; mitochondrial
o | JO771947. 1 Dreissena rostriformis bugensis isolate DbBalatonS cytochrome
oxidase subunit I gene, partial cds; mitochondriasl
gh | JO771948.1 Dreissena rostriformis bugensis isolate DbBalatong cytochrome
oxidase subunit I gene, partial cds: mitochondrial
b | J07715945. 1 Dreissena rostriformis bugensis isolate DbBalaton? cytochrome
oxidase subunit I gene, partial cds; mitochondrial
ob|JQ771950.1 Dreissena rostriformis bugensis isolate DbBalaton8 cytochrome

oxidase subunit mitochondrial

Length=537

I gene, partial cds:

647 hits

Score =
Identities

Fevond—T 1

(350), Expect =

0.0
6/376 [2%)

El
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Done
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Below the Descriptions are the Alignments; they show the nucleotide-by-nucleotide match between the Query (my

submitted sequence) and a given Subject (the NCBI sequence).

The Accession number and Description are given at the top. Below that are the alignment score, the E-value (“Expect”),

and ldentities. Also given are the Gaps and the strand orientation. Gaps tell how many times BLAST had to create a gap

in either the Query or Subject’s nucleotide sequence to make the alighment; gaps may represent the insertion or

deletion of a nucleotide in the Query DNA sequence. A good match will have few gaps. Strand orientation has to do

with the double-stranded, complementary (A matches T, C matches G) nature of DNA.
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Wahweap Molecular Laboratory Standard Operating Procedure Index

SsopP
1.00
1.01
1.02
1.03
1.04
1.05
1.06

2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09

3.00
3.01a
3.01b
3.02a
3.02b
3.03
3.04

4.00
4.01

5.00
5.01a

5.01b
5.02

5.03
5.04

SOP Title

Molecular Laboratory Technician Training

Prevention of DNA Cross-Contamination

Pipetting

Maintaining a Lab Supply Log and Chemical Inventory
Recording Molecular Laboratory Data

Molecular Laboratory Data Entry

Data Integrity System

Plankton Sampling Site Selection

Plankton Sampling Techniques

Plankton Sample Bottle Labeling

Random Plankton Sampling Site Selection Using ArcMap
Uploading Random Sample Points to GPS

Electronic Recording of Field Sample Sites Using GPS
Downloading and Differential Correction of GPS Points
Editing GIS Points in ArcGIS

Plankton Sample Storage and Tracking

Naming Extracted DNA Template Samples
Plankton Sample Concentration - Filtering
Plankton Sample Concentration - Centrifugation
DNA Extraction - MoBio - Veligers

DNA Extraction - Qiagen - Adults

Generation of Positive Controls - Spiked Samples
Storage of DNA Template Samples

PCR Set-Up
Primer Resuspension, Dilution, and Labeling

TAE, 50x Dilutions

Sub-Cell GT Systems Agarose Gel Electrophoresis Operation and
Maintenance

Owl Easycast Minigel B2 Systems Agarose Gel Electrophoresis
Operation and Maintenance

PhotoDoc-IT Imager Operation and Maintenance

Analysis of Gel Image

Potential Positives - Flow Chart

SopP
5.05a
5.05b
5.06
5.07

6.00
6.01
6.02
6.03
6.04
6.05
6.06
6.07
6.08
6.09
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20

7.00
7.01
7.02
7.03

7.04

7.05
7.06

SOP Title

PCR Clean-Up

QlAquick Gel Extraction of PCR Product

Preparing Cleaned-Up DNA Samples for Sequencing
Analysis of DNA Sequence Data

Equipment Documentation

UV Equipment Sterilization

DI Water Operation and Maintenance

Finnpipette Calibration and Maintenance

Vortex and Lab Dancer Operationa and Maintenance
LW Straight-8 3K Centrifuge Operation and Maintenance
Ohaus AP250D Electronic Balance Operation and Maintenance
Eppendorf Microcentrifuge Operation and Maintenance
Nanodrop Operation and Maintenance

Thermomixer Operation and Maintenance
Thermocycler Operation and Maintenance

USA Personal Microcentrifuge Operation and Maintenance
Core Balance Operation and Maintenance

Autoclave Operation and Maintenance

Preparation of Items for Autoclaving

Autoclave Sterility Test

Autoclave Cleaning with Chamber Brite

Fisher Scientific Isotemp Laboratory Freezer

Fisher Scientific Isotemp Laboratory Refrigerator

UV Lamp, 254nm Operation and Maintenance
Thermometer Calibration

Molecular Laboratory Internal Audit for Precision
Molecular Laboratory Demonstration of Capability
Proactive Quality Assurance Program

Quality Assurance Audits and Managerial Review

Corrective and Preventative Actions

Complaint and Correspondence Policy
SOP Creation and Revision

Standard operating procedures are available. Contact Erin Janicki, Laboratory Director (erin_janicki@nps.gov)
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